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Preface 


By Secretarial Order No. 3165, date? 17 May 1993, Secretary of the Interior Babbitt established the 
National Biological Survey (NBS). The mission of NBS is the consolidation and enhancement of existing 
biological research in the U.S. Department of the Interior for the wise stewardship of our Nation’s 
natural resources and for the promotion of understanding biological systems and their benefits for 


society. 


Researchers and support staff from seven U.S. Department of the Interior bureaus were merged to 
create NP“: Fish aud Wil ‘life Service (Region 8), National Park Service, Bureau of Land Management, 
Bureau oi Reclamation, Geological Survey, Office of Surface Mining, and Minerals Management 
Service. 


The Office of Information Transfer (formerly with the Fish and Wildlife Service, Region 8) was renamed 
the Information Transfer Center and was placed under the Assistant Director of Information and 
Technology Services. The Information Transfer Center is responsible for publishing the NBS technical 
repor’ series. A committee is reviewing the technical report series formerly published by the Fish and 
Wildlife Service. Title changes will more accurately reflect the nature of NBS research. 


This product announcement lists technical series publications published from 1992 to June 1994. 
Publications sent to the printer after 12 November 1993 were published by the National Biological 
Survey; those prior to that date were published by the Fish and Wildlife Service. 


The Biological Report series underwent several changes in the numbering method used. In 1985 a 
journal format (e.g., 88(1) was used to indicate the year of publication—1988—and the report 
number—1). The reports were numbered consecutively until June 1992. For example, in the 
Contaminant Hazard Review subseries the number method changed so that Biological Report 85(1.23), 
published in February 1992, was followed by Biological Report 2, published in 1992. 


HOW TO ORDER 
Listed technic] series publications are available from 


US. Fish : xd Wildlife Service 
Publications Unit 
Mail Stop 130—Webb Building 
4401 North Fairfax Drive 

i Virginia 22203 
(703) 358-1711 
FAX (703) 358-2283 


For your convenience, an order form is provided on page 13. 
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BIOMETRICS AND MODELING 


SCHROEDER, R. L., and A. W. ALLEN. 1992. Assess- 
ment of habitat of wildlife com nunities on the 
Snake River, Jackson, Wyoriuing. U.S. Fish 

and Wildlife Service Resource Publication 190. 
21 pp. 

The composition of the wildlife community in 
western riparian habitats is influenced by the 
horizontal and vertical distributions of vegeta- 
tion, the physical complexity of the channel, and 
barriers to movement along the corridor. Based 
on information from the literature, this paper pre- 
sents a model developed for the evaluation of the 
wildlife community along the Snake River near 
Jackson, Wyoming. The model compares condi- 
tions of the current or future years with condi- 
tions in 1956, before the construction of levees 
along the river. Conditions in 1956 are assumed 
to approximate the desirable distribution of 
plant cover types and the associated wildlife 
community and are used as a standard of com- 
parison in the model. The model may be applied 
with remotely sensed data and is compatible 
with a ic information systems analysis. 
The model also evaluates floodplain and channel 
complexity and assesses anthropogenic distur- 
bance and its potentia! <ffect on the quality of 
wildlife habitat and movement of wildlife in the 
riparian corridor. 


SPARLING, D. W., J. A. BARZEN, J. R. LOVVORN, 
and J. R. SERIE. 1992. An evaluation of regression 
methods to estimate nutritional condition of can- 
vasbacks and other water birds. U.S. Fish and 
Wildlife Service Biological Report 3. 11 pp. 


Proximate carcass analysis was made of 5° 
adult and juvenile canvasbacks (Aythya valis- 
ineria) collected during fall migration, winter, 
and spring migration in 1975-762 _. 1982-85 to 
test regression methods for estimating body con- 
dition. Each canvasback was weighed, meas- 
ured, and analyzed for body fat, protein, and 
ash. Each regression equation was adjusted for 
significant effects of age-sex classes and seasons. 
Results showed that regression equations of con- 
dition of canvasbacks can lead to biased esti- 
mates when applied to birds from different 


seasons, age-sex classes, or species. 


BIRDS—NONGAME, COLONIAL 
WADING, RAPTORS, GAME 


ELDRIDGE, J. L. 1992. Management of habitat for 
breeding and migrating shorebirds in the Mid- 
west. U.S. Fish and Wildlife Service Fish and 
Wildlife Leaflet 13.2.14. 6 pp. 


Shorebirds have always relied on the extensive 
network of natura! wetlands from Texas to 
North Dakota. This network has now been frac- 
tured by wetland drainage and agriculture to the 
point where suitable wetlands are absent in 
much of the Midwest. This chapter of the Water- 
fowl Management Handbook subseries provides 
guidance for wetland managers in the midwest- 
ern states for attracting migrating and breeding 
shorebirds. Suggestions are provided that will 
benefit most of the 40 species that migrate or 
breed in 12 states of the mid-continent region: IIli- 
nois, Indiana, lowa, Kansas, Michigan, Minne- 
sota, Missouri, Nebraska, North Dakota, Ohio, 
South Dakota, and Wisconsin. Emphasis is on 
migrating species because they can benefit most 
from the kind of managed wetland habitat usu- 
ally associated with mid-continent refuges. 


Gress, J. P., J. R. LONGCORE, D. G. MCAULEY, and J. 
K. RINGELMAN. 1992. Use of wetland habitats by 
selected nongame water birds in Maine. U.S. Fish 
and Wi'dlife Service Fish and Wildlife Research 9. 
57 pp. 


The authors examined the use of 87 palustrine and 
lacustrine wetlands by nongame water birds in 
central and eastern Maine during 3,527 hours of 
observation (1,501 visits) during April-August 
1977-1985. Wetlands used by 15 species of water 
birrls are distinguished from those not used, ac- 
cording to 20 habitat features. Predictive models 
of habitat use were developed for each species. 
Water bir... were classified by similarity of used 
habitate and~ cies use was contrasted by wet- 
lane ype avitat features associated with wet- 
land «se by ach waterbird species, :umerical 
responses 0. waterbird populatir ~s to wetland fea- 
tures xnd es‘’-nates of annual variaticn in .«abitat 
occupacy are reporte... Lacustrine wetlands sup- 
porte « distinct, low—diversity community of 
wate ~ biras that included most fish-eating species. 
Waterbird diversity at forested palustrine wet- 


lands was intermediate between lacustrine com- 
munities and more species-rich assemblages at pal- 
ustrine emergent and scrub-shrub wetlands. 
Regional variation in wetland characteristics and 
waterbird use was associated with surficial geol- 
ogy, soils, and ices. Bird use 
and habitat information from 87 wetlands and 
models of habitat selection for each species are 
provided in appendixes. 

JARVIS, R. L., and M. F. PASSMORE. 1992. Ecology of 
band-tailed pigeons in Oregon. U.S. Fish and Wild- 
life Service Biological Report 6. 38 pp. 

The authors investigated the ecology of band- 
tailed pigeons (Columba fasciata) in western Ore- 
gon to assess the roles of survival and recruitment 
in population status and the relation of food, min- 
erals, and diet to reproduction strategy. Band- 
tailed pigeons congregated at mineral deposits to 
consume minerals from mid June to mid Septem- 
ber. Habits of breeding, nesting, migration, popu- 
lation dynamics, and feeding were investigated. 


KROHN, W. B., P.O. Corr, and A. E. HUTCHINSON. 
1992. Status of the American eider with special ref- 
erence to northern New England. U.S. Fish and 
Wildlife Service Fish and Wildlife Research 12. 

12 pp. 

The American subspecies of the common eider (So- 
materia mollissima), the American eider (S. m. 
dresseri), nests primarily on coastal islands from 
central Labrador to southern Maine. Because 
banding recoveries revealed that groups that nest 
in different geographic areas use the same winter- 
ing areas, the authors proposed managing this 
subspecies as one unit, termed the western Atlan- 
tic eider population. With increased hunting and 
coastal development, including the commercial 
harvesting of the eider’s most important foods, 
more reliable and uniform rangewide data are 
needed to establish useful management goals for 
the western Atlantic eider population. 


LONGCOR?, J. R., and G. F. SEPIK, editors. 1994. 

Proceedings of the eighth American woodcock 
ium. U.S. Fish and Wildlife Service Bio- 

logical Report 16. 139 pp. 

This proceedings contains 27 est. acts, philosophi- 


cal presentations, technical papers, review 5. and 
short communications and reports about the 


American woodcock (Scolopax minor) and the Eur- 
asian woodcock (S. rusticola). 


PETERSEN, M. R., D. N. WEIR, and M. H. DICK. 
1992. Birds of the Kilbuck and Ahklun mountain 
region, Alaska. U.S. Fish and Wildlife Service 
North American Fauna 76. 158 pp. 


Information was collected on 185 species of birds. 
Of the 140 species that nested or probably nested, 
53% (73) were abundant to fairly common, 29% 
(40) were uncommon to very rare, and 20% (27) 
were localized. The information provides the ba- 
sis for range extensions of several species. Quanti- 
tative data are provided on the coastal migration 
of 11 species along Bristol Bay. Changes are docu- 
mented in nesting densities, differences in num- 
bers, or habitat variations of 32 species in response 
to human activities. Changes are reported in a ma- 
jor colony of Aleutian tern (Sterna aleutica) at ir- 
regular intervals over 50 years. 


BIRDS—WATERFOWL 


BLANDIN, W. W. 1992. Population characteristics 
and simulation modeling of black ducks. U.S. 
Fish and Wildlife Service Fish and Wildlife Re- 
search 11. 200 pp. 


A review of literature about American black duck 
(Anas rubripes) distribution, migration, and popula- 
tion dynamics is presented. The preseason and 
winter banding and recovery files are described, 
and their limitations are discussed. Twenty-seven 
preseason major reference areas of handing and 15 
major reference areas of banding are defined. De- 
terministic and stochastic models are used to 
evaluate population estimates. The effects of small 
changes in parameter values are explored. Man- 
agement recommendations are presented, and re- 
search needs are identified. 


CAMPBELL, B. H., and J. E. CORNELY. 1992. Dusky 
Canada goose: An annotated bibliography. U.S. 
Fish and Wildlife Service Resource Publication 
187. 30 pr. 


This bibliography contains 151 references to the 
dusky Canada goose (Branta canandensis occiden- 
talis). Refererices are through early 1991 and in- 
clude published material and agency and 


administrative reports. Entries are listed alpha- 
betically by author and summarized by subject. 


CARLSON, J. D., JR., W. R. CLARK, and E. E. 
KLAAS. 1993. A model of the productivity of the 
northern pintail. U.S. Fish and Wildlife Service 
Biological Report 7. 20 pp. 

A stochastic computer model originally devel- 
oped to simulate productivity of the mallard is 
adapted to simulate productivity of the northern 
pintail (Anas acuta). Data and descriptive infor- 
mation on the breeding biology of pintails were 
obtained from a literature review and from dis- 
cussions with waterfowl biologists. Results 
showed that the function in the mallard model 
that predicts nest initiation in response to pond 


CusTER, C. M. 1993. Life history traits and habitat 
needs of the redhead. U.S. Fish and Wildlife Serv- 
ice Fish and Wildlife Leaflet 13.1.11. 7 pp. 


This chapter of the Waterfowl Management 
Handbook subseries provides information on the 
distribution, spring migration, breeding, post- 
breeding dispersal and fall migration,winter 
habitats and behavior, and population status and 
harvest of the redhead (Aythya americana). 


DAHLGREN, R. B., and C. E. KORSCHGEN. 1992. 
Human disturbances of waterfowl: An annotated 
bibliography. U.S. Fish and Wildlife Service Re- 
source Publication 188. 62 pp. 


Provides information on the of out- 
door recreation and the resulting increased inter- 
action between the public, waterfowl, and 
waterfow! habitat. The effects of these inverac- 
tions on waterfow! habitats is visible and obvi- 
ous, whereas the effects of interactions that 
disrupt the normal behavior of waterfowl are 
subtle and often overlooked but perhaps no less 
harmful than destruction of habitat. This bibliog- 
raphy contains annotations for 211 articles with 
information about effects of human disturbances 


DERKSEN, D. V., and D. H. WARD. 1993. Life his- 
tory and habitat needs of the black brant. U.S. 
Fish and Wildlife Service Fish and Wildlife Leaf- 
let 13.1.15. 6 pp. 


This chapter of the Waterfowl Management 
Handbook subseries provides information on the 
distribution, spring migration and breeding, 
postbreeding di and fall migration, and 
winter ecology of the black brant (Brania bernicla 


nigricans). 
DUGGER, K. M., and L. H. FREDRICKSON. 1992. 
Life history and habitat needs of the wood duck. 


USS. Fish and Wildlife Service Fish and Wildlife 
Leaflet 13.1.6. 8 pp. 


This chapter of the Waterfowl Management 
Handbook subseries provides information on the 
distribution, population status and harvest, 
spring migration and breeding, postbreeding dis- 
persal and fall migration, behavior and pairing, 
foraging ecology, and habitat management for 
the wood duck (Aix sponsa). 


FLESKES, J. P., and E. E. KLAAS. 1992. Dabbling 
duck recruitment in relation to habitat and preda- 
tors at Union Slough National Wildlife Refuge, 
Iowa. U.S. Fish and Wildlife Service Fish and 
Wildlife Technical Report 32. 19 pp. 


This paper provides the results of a study in 
1984-85 to determine the influence of habitat 
quality and predation on nesting success and re- 
cruitment of dabbling ducks (Anatini). Informa- 
tion is provided on the methods of defining the 
study area divisions, pair and brood counts, 
predator assessments, nesting assessments,vege- 
tation assessments, and calculating daily sur- 
vival rates. Results are provided relative to 
breeding waterfowl, nesting, nesting success, 
broods, and recruitment. The discussion section 
provides information on annual pair popula- 
tions, pair use of wetlands, nest densities, nest 
success, duckling survival, and recruitment. 


Management implications are provided. 


HIGGINS, K. F., L. M. KIRSCH, A. T. KLETT, and 
H. W. MILLER. 1992. Waterfowl production on 
the Woodworth Station in south-central North 
Dakota, 1965-1981. U.S. Fish and Wildlife Serv- 
ice Resource Publication 180. 79 pp. 


This paper rovides the results of developing new 
wetland enhancement and upland habitat man- 
agement techniques that could be applied to 
broader land use practices and programs, for the 
purposes of increasing production and survival 
of prairie ducks, other migratory birds, and resi- 
dent wildlife. Information is provided on devel- 
oping dense nesting cover, maintaining desired 
native grassland succession through controlled 
burning, determining optimum frequency for 
habitat manipulation, identifying the effects of 
mammalian predation on ground-nesting ducks 
and other birds, and understanding the relation 
of wet and dry cycles to waterfowl production 
and waterfowl nesting in croplands. 


KORSCHGEN, C. E., and R. B. DAHLGREN. 1992. 
Human disturbances of waterfowl: Causes, ef- 
fects, and management. U.S. Fish and Wildlife 
Service Fish and Wildlife Leaflet 13.2.15. 8 pp. 


This chapter of the Waterfowl Management 
Handbook provides information on human ac- 
tivities that cause disturbances, the effects 

of these disturbances on breeding and nonbreed- 
ing waterfowl, and five t alternatives 
that reduce human disturbances of waterfowl. 


LOKEMOEN, J. T. 1993. Increasing waterfowl nest- 
ing success on islands and peninsulas. U.S. Fish 
and Wildlife Service Fish and Wildlife Leaflet 
13.2.11. 7 pp. 

This chapter of the Waterfowl Management 
Handbook subseries addresses the management 
of existing islands, the creation of new islands, 
and the modification of peninsulas into islands 
to increase the nesting success of waterfowl. In- 
formation is also provided on management of 
nest cover and predators. 


REINECKE, K. J., and D. DELNICKI. 1992. DUCK- 
DATA: A bibliographic data base for North 
American waterfowl (Anatidae) and their wet- 
land habitats. U.S. Fish and Wildlife Service Re- 
source Publication 186. 7 pp. 


The data base contains 6,700 references uo the ecol- 
ogy of waterfowl and their wetland habitats. The 
emphasis is on North American waterfowl, but 
other English-language publications about ho- 
larctic species or about relations of general interest 
are included. The bibli ic data are in com- 
puter files that can be edited, updated, and 
searched with a microcomputer and data base 
management software. Analysis of the bibliog- 
raphic records indicated that the average number 
of annual waterfowl publications increased from 2 
during 1900-09 to 250 during 1980-89. Growth of 
the literature was exponential the 1970's, 
the number of references doubling every 10-12 
years. Copies of the DUCKDATA data base are 
available from the Patuxent Wildlife Research Cen- 
ter, 900 Clay Street, Vicksburg, MS 39180, on 3.5- or 
5.25-inch diskettes formatted for PC-DOS or MS- 
DOS microcomputers in files specific to Pro-Cite, an 
ASCII file in comma-delimited record and field for- 
mat, and an ASCII file with citations formatted in 


the style of The journal of Wildlife Management. 


RINGELMAN, J. K. 1992. Identifying the factors 
that limit duck production. U.S. Fish and Wild- 
life Service Fish and Wildlife Leaflet 13.2.7. 8 pp. 


This chapter of the Waterfowl Management Hand- 
book subseries orients managers to approaches for 
identifying the factors that limit duck production. 
The concepts presented will assist managers in 
making logical management choices in regions 
where little is known about breeding ducks and 
their habitat. This information is not intended to 
substitute for rigorous, scientific research on wa- 
terfowl biology. Readers are encouraged to use 
this information as a starting point from which to 
gather additional knowledge. 


SARGEANT, A. B., R. J. GREENWOOD, M. A. 
SOVADA, and T. L. SHAFFER. 1993. Distribution 
and abundance of predators that affect duck pro- 


duction—prairie pothole region. U.S. Fish and 
Wildlife Service Resource Publication 194. 96 pp. 


During 1983-88, the relative abundance of 18 spe- 
cies and species-groups of mammalian and avian 


predators affecting duck production in the prai- 
rie pothole region was determined in 33 widely 
scattered study areas ranging in size from 23 to 
26 km?. Information provided on each studied 
species and species—group includes habitat and 
history, population structure and reported densi- 
ties, and distribution and abundance from this 
study. Index values of undetected, scarce, un- 
common, common, or numerous were used to 
rate abundance of nearly all species in each 
study area. Investigators are urged to assess 
composition of predator populations and relative 
abundance of predator species for evaluations of 
waterfowl recruitment. 


CONTAMINANTS 


EISLER, R. 1994. Famphur hazards to fish, wild- 
life, and invertebrates: A synoptir review. 
National Biological Survey Biolo,,cal Report 20. 
23 pp. 
Famphur, also known as Warbex, is a systemic 
insecticide used almost exclu- 
sively as a veterinary chemical to control para- 
sites in livestock. Information is provided on 
chemistry and metabolism; lethal and sublethal 
ffects on terrestrial invertebrates, aquatic organ- 
. ms, birds, and mammals; and management rec- 
ommendations. 


EISLER, R. 1993. Zinc hazards to fish, wildlife, 
and invertebrates: A synoptic review. U.S. Fish 
and Wildlife Service Biological Report 10. 106 pp. 
Ecological and toxicological aspects of zinc in the 
environment arc reviewed, with emphasis on 
natural resources. Information is provided on 
sources and uses; chemical and biochemical 
properties; carcinogenicity, mutagenicity, and 
teratogenicity; background concentrations in bio- 
logical and nonbiological compartments; effects 
of zinc deficiency; toxic and sublethal effects on 
terrestrial plants and invertebrates, aquatic or- 
ganisms, birds, and mammals; and recommenda- 
tions for the protection of sensitive resources. 


EISLER, R. 1992. Fenvalerate hazards to fish, wild- 
life, and invertebrates: A synoptic review. US. 
Fish and Wildlife Service Biological Report 2. 

43 pp. 


Synthetic pyrethroids are the newest major class 
of broad-spectrum organic insecticides used 

in agricultural, domestic, and veterinary applica- 
tions and new account for more than 30% of 
global insecticide use. Fenvalerate is one of the 
newer synthetic pyrethroid insecticides and the 
one most widely used. Information is provided 
on fenvalerate environmental chemistry, mode 
of action, and effects. 


EISLER, R. 1992. Cyanide hazards to fish, wildlife, 
and invertebrates: A synoptic review. U.S. Fish 
and Wildlife Service Biological Report 85.1.23. 
55 pp. 


Cyanides are used widely and extensively in the 
manufacture of synthetic fabrics and plasti_, in 
electroplating baths and metal mining operations, 
as pesticidal agents and intermediates in agricul- 
tural chemical production, and in predator control 
devices. Information is provided on chemical 
properties; mode of action; clinical features; anti- 
dotes; sources and uses; persistence in water, soil, 
and air; and lethal and sublethal effects on terres- 
trial flora, invertebrates, aquatic organisms, birds, 
and mammals. 


EISLER, R. 1992. Diflubenzuron hazards to fish, 
wildlife, and invertebrates: A syroptic review. 
US. Fish and Wildlife Service Biological Report 4. 
36 pp. 

Information is provided on environmental chem- 
istry, including chemical and biochemical proper- 
ties, persistence in soil and water, uses, and 
lethal and sublethal effects of diflubenzuron 
(also known as dimilin) in general and for terres- 
trial plants, terrestrial invertebrates, aquatic or- 
ganisms, birds, and mammals. 


SYNDER-CONN, E. 1993. In situ toxicity testing 
with locally collected Daphnia. U.S. Fish and Wild- 
life Service Biological Report 15. 14 pp. 

This study demonstrated a technique for in situ 
toxicity assessment with a resident invertebrate 
species. This technique was validated in the Prud- 
hoe Bay oil field, Alaska, in 1985 with a locally col- 


lected water flea. Results here were part 
of a larger study of effects of pumping millions of 
gallons of wastes from reserve pits onto the tun- 
dra. The larger study tested the effects of this dis- 
posal practice on water quality, of metal and 
hydrocarbon residues in water and sediment, and 
of acute and chronic testing of Daphnia magna in 
standard lat » atory toxicity testing. Results indi- 
cated not only the utility of in situ testing of inver- 
tebrate toxicity but also that under certain 
conditions in situ tests may be more sensitive than 
traditional laboratory toxicity testing. 


DISEASE—FISH 


MARKIW, M. E. 1992. Salmonid whirling disease. 
US. Fish and Wildlife Service Fish and Wildlife 
Leaflet 17. 11 pp. 


This paper provides the latest scientific and techni- 
cal advances in the management of salmonid 
whirling disease caused by the myxosporean 
Myxobolus cerebralis (Syn. Myxosoma cerebralis). 
The complete life cycle of the parasite and the biol- 
ogy of the infective agent to fishes, the actino- 
sporean Triactinomyxon stage, are reviewed, and 
and control of the disease are discussed. Sources 
of information and related reference materials of 
interest to fish cu!’ urists, fishery biologists, and 
students are provided. 


ENVIRONMENTAL EFFECTS 


SCHOFIELD, C. L., D. JOSEPHSON, C. KELEHER, and 
S. P. GLoss. 1993. Thermal stratification of dilute 
lakes—evaluation of regulatory processes and bio- 
logical effects before and after base addition: 
Effects on brook trout habitat and growth. US. 
Fish and Wildlife Service Biological Report 9. 

36 pp. 

The authors address the significance of changes in 
summer thermal stratification patterns of Adiron- 
dack lakes affected by acidification to coldwater 
fish populations inhabiting these sensitive lakes. 
Two hypotheses are tested in this study: that acidi- 
fication-induced reductions in the thermal stabil- 
ity of sensitive Adirondack lakes could lead to 


degradation of potential brook trout (Salvelinus fon- 
tinalis) habitat, and on the basis of energetic con- 
siderations, that brook trout growth and average 
size at age would be sensitive indicators of differ- 
ences in the extent and availability of preferred 
summer habitat in lakes with different thermal 
structures. These hypotheses were addressed 
with data from previous lake-liming studies in the 
Adirondack region, brook trout growth data from 
management studies in the region, and extensive 
Adirondack Lake Survey Corporation data. The 
authors compared brook trout among lakes with 
known thermal stratification patterns, analyzed 
temporal changes in the extent and availability of 
preferred brook trout habitat from changes in acid 
or base status of limed Adirondack lakes, and ap- 
plied a bioenergetic growth model for sensitivity 
analysis of temperature effects on simulated 
growth of brook trout populations inhabiting 
lakes with different thermal structures. 


FISH—COOLWATER 


ARMOUR, C. L. 1993. Evaluating temperature re- 
gimes for protection of smallmouth bass. U.S. 
Fish and Wildlife Service Resource Publication 
191. 26 pp. 


The success of smallmouth bass (Micropterus 
dolomieu) is affected by temperature regimes. Con- 
cepts are presented for evaluating the suitability 
of alternative temperature regimes through experi- 
mentally detived data, including ultimate incipi- 
ent lethal ternperatures and maximum weekly 
average, short-term maximum, and final preferen- 
dum temperatures. Also, concepts are described 
for basing evaluations on temperature tolerances 
for spawning, egg and larval incubation, growth, 
and winter survival in the first year of life. 


ARMOUR, C. L. 1993. Evaluating ture re- 


gimes for protection of walleye. U.S. Fish and 
Wildlife Service Resource Publication 195. 22 pp. 


This report provides fishery biologists with infor- 
mation for evaluating alternative temperature re- 
gimes for their potential to protect and enhance 
walleye (Stizostedion vit-eum) habitat. Temperature 
information on walleye life history and behavior is 
included in addition to procedures for applying 


the information in evaluating alternative tempera- 


FISH—CULTURE AND HATCHERIES 


BULLOCK, G., J. HANKINS, j. HEDINEN, C. STARLIPER, 
ard J. TESKA. 1993. Qualitative and quantitative 
bacteriological studies on a fluidized sand biofil- 
ter used in a semiclosed trout culture system. U.S. 
Fish and Wildlife Service Biological Report 17. 

15 pp. 

This paper provides results of a study of the 
numbers and types of heterotrophic bacteria in a 
fluidized sand biofilter and in rearing water in a 
ods were developed for sampling the biofilter at 
various depths, removal of bacteria from the 
biofilm on sand particles, selection of appx vpri- 
ate media for enumeration of bacteria, anc. plate 
count procedures. 


FISH—GREAT LAKES 


WOLFERT, D. R., and M. T. BuR. 1992. Selection of 
prey by walleyes in the Ohio waters of the central 
basin of Lake Erie, 1985-1987. U.S. Fish and Wild- 
life Service Resource Publication 182. 14 pp. 
Walleyes (Stizostedion vitreum vitreum) were col- 
lected at five locations in the central basin of Lake 
Erie in '985-87. Stomachs were examined to iden- 
tify the species of prey. The seasonal availability 
of potential prey was determined from sampling 
with trawl tows. Food electivity indexes for 


young-of-the-year and older walleyes were calcu- 
lated. 


FISH AND WILDLIFE MANAGEMENT 


COUGHLAN, B. A. K., and C. L. ARMOUR. 1992. 


Group decision-making techniques for natural re- 
applications. U.S. Fish and 


source management 
Wildlife Service Resource Publication 185. 55 pp. 


This paper is an introduction to decision analysis 
and problem-solving techniques for professionals 
in natural resources management. A general 


analysis of the pitfalls of group problem solving 
is presented, and suggestions for improving irter- 
actions are provided. Possible uses of 27 analytic 
techniques in the problem-solving steps are sum- 
marized. The authors describe some of the 
pitfalls confronting decision-making groups, and 
they present techniques to structure and improve 
the group problem-solving process. 


FISHERY CHEMICALS 


BILLS, T. D., J. J. RACH, L. L. MARKING, and G. E. 
HOWE. 1992. Effects of the lampricide 3-tri- 
fluoromethyl-4-nitrophenol on the pink 
heelsplitter. U.S. Fish and Wildlife Service Re- 
source Publication 183.7 pp. 

The lampricide 3-triflurormethyl-4-nitrophenol 
(TFM) is used to selectively kill sea lampreys 
(Petromyzon marinus) in the tributaries of the 
Great Lakes. Over the years, TFM was tested 
most often on nontarget fishes and only occasion- 
ally on invertebrates, including freshwater 
mussels. Results are provided for exposing pink 
heelsplitters (Potamilus alatus) to TFM concentra- 
tions and exposure times similar to those in 
lampricide treatments. TFM seems to narcotize 
or anesthetize mussels. Several days of postexpo- 
sure observation are required to assess the effects 
of TFM on mussels. 


BILLS, T. D., L. L. MARKING, and G. E. Howe. 
1993. Sensitivity of juvenile striped bass to chemi- 
cals used in aquaculture. U.S. Fish and Wildlife 
Service Resource Publication 192. 11 pp. 


Adult anadromous striped bass (Morone saxatilis) 
captured for artificial spawning are stressed by 
handling and crowding in rearing ponds and are 
often exposed to therapeutants, anesthetics, disin- 
fectants, and herbicides used in fish culture. 
Siem cetieindiieetatl cmecionte. 


sienmmcianienmentinn tema, See 
[MS-222], metomidate, quinaldine sulfate, chlo- 
rine, potassium permanganate, Aquazine, copper 
sulfate, and Rodeo) on striped bass fry in reconsti- 
tuted water (total hardness 40 mg/L at 12° C. 

The effects of selected levels of water tempera- 
ture, hardness, and pH on the toxicity of 


chloramine-T, formalin, malachite green, and Roc- 
cal are provided. 


GILDERHUS, P. A., T. D. BILLS, and D. A. JOHNSON. 
1992. Methods for detoxifying the lampricide 3- 
trifluoromethy!-4-nitrophenol in a stream. US. 
Fish and Wildlife Service Resource Publication 
184. 5 pp. 


This paper provides the results of two tests to de- 
nol (7FM) in the laboratory. Results were applied 
to a small tributary of the Sturgeon River, Michi- 
gan, and showed that raising the pH detoxified 
TFM enough to reverse an ongoing major kill of 
nontarget fishes. 


Lem, C. A. 1993. Evaluation of five anesthetics 
on striped bass. U.S. Fish and Wildlife Service Re- 
source Publication 196. 10 pp. 


Results are provided for testing five anesthetics 
(MS-222, benzocaine, quinaldine, quinaldine sul- 
fate, and metomidate) on subadult bass in 
hard water at temperatures of 13°, 18°, and 23° C. 
lizatior: (defined as anesthesia within 3 min and re- 
covery within 10 min after a 15-min exposure) 
were determined. 


HSI MODELS/SPECIES, 
COMMUNITY, AND ESTUARINE 
PROFILES 


BARNHART, R. A., M. J. BOYD, and J. E. PEQUBG- 
NAT. 1992. The ecology of Humboldt Bay, 
California: An estuarine profile. U.S. Fish and 


Wildlife Service Biological Report 1. 121 pp. 
The data in this profile on Humboldt Bay provide 


a scientific reference on the bay’s natural re- 
sources. Details are provided on current and his- 


of the bay. The authors compare and contrast 
other West Coast estuaries with Humboldt Bay. 


GOLET, F. C., A. J. K. CALHOUN, W. R. DERAGON, 
D. J. Lowry, and A. J. GOLD. 1994. Ecology of the 
red maple swamps in the glaciated northeast: A 

community profile. U.S. Fish and Wildlife Service 
Biological Report 12. 151 pp. 


This profile addresses red maple (Acer rubrum) 
swamps in the glaciated northeastern United 
States. The iraportance of abiotic factors is given 


ecosystem 
brate fauna, and values, effects, and management 
functions and values of red maple swamps. 


Ross, R. M., T. W. H. BACKMAN, and R. M. BEN- 
NETT. 1993. Evaluation of habitat suitability index 
models for riverine life stages of American shad, 
with proposed models for premigratory juve- 
niles. U.S. Fish and Wildlife Service Biological Re- 
port 14. 26 pp. 
Field evaluations of existing habitat suitability in- 
dex models for spawning adults, eggs, and larvae 
of American shad (Alosa sapidissima) were con- 
ducted in 1990-92; initial models were developed 
for juveniles in nursery habitats, Fish abundance 
in various habitats of the upper Delaware River 
was quantified by observation of adult spawning 
, collection of eggs and larvae with me- 
tered plankton and drift nets, and enumeration of 
juveniles by underwater observation and seining 


late abundance to an array of physical habitat 
variables potentially influencing fish distributions. 


SCHMITT, C. J., A. D. LEMLY, and P. V. WIMGER. 
1993. Habitat suitability index model for brook 
trout in streams of the southern Blue Ridge Prov- 
ince: Surrogate variables, model evaluation, and 
suggested improvements. U.S. Fish and Wildlife 
Service Biologica! Report 18. 43 pp. 

Data from several sources were collated and ana- 
lyzed by correlation, regression, and principal 
components analysis to define surrogate vari- 
ables for use in the brook trout (Salvelinus fonti- 
nalis) habitat index model and to 
evaluate the applicability of the model for assess- 


ing habitat in high-elevation streai.s of the south- 
ern Blue Ridge Province. Using multiple linear 
regression, the authors formulated an alternative 
model—based on point estimates of gradient, 
pH, elevation, stream width, and rainbow trout 
density—which explained 40-50% of the vari- 
ance in brook trout density in 256 stream 
reaches. 


SCHROEDER, R. L., and S. L. HAIRE. 1993. Guide- 
lines for the development of community-level 
habitat evaluation models. U.S. Fish and Wildlife 
Service Biological Report 8. 8 pp. 


Community-level models are being developed for 
assessment of impacts, mitigation of losses, or 
management of wildlife habitat. A review of ihese 
modeis indicated that a checklist of basic guide- 
model quai.ty and usefulness. Guidelires are pro- 
vided for the output definitions and testing, docu- 
mentation of sources, statement of assumptions, 
definitions of variables, verification of perform- 
ance, and levets of resolution. Examples from ex- 
isting models are used to illustrate the strengths 
and weaknesses of different approaches. 


INSTREAM FLOWS/WATER 
ALLOCATION/WATER RESOURCES 


ARMOUR, C. L. 1992. Guidance for evaluating and 
Seren ee ce ta 
fish. Instream Flow Information Paper No 

US. Fish and Wildlife Service Biolegical Report 
90(22). 13 pp. 


Procedures are presented for evaluating tempera- 
ture regimes for fish. Although examples pertain 
to spring chinook salmon (Oncorhynchus tshawyt- 
scha), the principles apply to other species. Basic 
temperature tolerance relations for fish are ex- 


temperature tolerance results, suitability of a 
simulated temperature regime for key life stages, 
or population statistics and predicted responses 
to simulated temperatures. 


BINGHAM, J. L., and G. A. GOULD. 1992. Opportu- 
nities to protect instream flows and wetland uses 
of water in Nevada. US. Fish and Wildlife Serv- 
ice Resource Publication 189. 33 pp. 


This document combines the efforts of several in- 
dividuals, agencies, and organizations toward 
the common objectives of identification, descrip- 
tion, and preliminary evaluation of promising op- 
wetland uses of water under existing laws of Ne- 
vada. This report is intended for use by state 
and federal planning and management person- 
nel who need an overview of potential opportu- 
nities for preserving instream flows and uses. It 
is not intended to replace or challenge the advice 
of agency counsel or to provide legal advice. 
This report is not and should not be taken as offi- 
cial policy or prediction of future actions by any 
agency. It is simply a summary of potential op- 
portunities for protecting instream flows. Topics 
include a history of water law in Nevada, agen- 
cies and commissions with jurisdiction and 
authority over water resources, opportunities to 
protect instream flows and wetland uses in Ne- 
vada, and state and federal protection of endan- 


gered species. 


BULLARD, T. F., and S. G. WELLS. 1992. Hydrology 
of the Middle Rio Grande from Velarde to Ele- 

phant Butte Reservoir, New Mexico. US. Fish and 
Wildlife Service Resource Publication 179. 51 pp. 


Provides basic hydrologic information and data 
sources for the Middle Rio Grande as back- 
ground for a proposed multi-year project on the 
hydrology, vegetation, and wildlife of the Mid- 
die Rio Grande. Information is provided on the 
history of water development along the Rio 
Grande, surface hydrology, geomorphic re- 
sponse, and groundwater in the Middle Rio 
Grande Valley. 


GLADWIN, D. N., M. E. JENNINGS, J. E. ROELLE, 
and D. A. ASHERIN. 1992. Section 404 and wetland 
alterations in the Platte River Basin of Colorado. 
US. Fish and Wildlife Service Resource Publica- 
tion 178. 19 pp. 


This paper provides results of a study of Section 
404 permitting activities in the Platte River basin 


of Colorado during 1985-89. Information is pro- 
vided on the magnitude of wetland alterations 
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authorized under Nationwide Permit 26 and indi- 
vidual permits, the types of wetlands in which 
these alterations occurred, the types cf projects 
involved in these alterations, and the amount of 

habitat requested through mitiga- 
tion in the form of wetland restoration or crea- 
stated in terms of area or volume. 


Hesse, L. W., C. B. STALNAKER, N. G. BENSON, 
and J. R. ZUBOY, editors. 1993. Proceedings of the 
symposium on restoration planning for the riv- 
ers of the Mississippi River ecosystem. Na- 
tional Biological Survey Biological Report 19. 

502 pp. 

This symposium was organized to review the 
status of fish and wildlife resources of the Missis- 
sippi River ecosystem. The objectives were to 
present some of the existing information on na- 
tive and introduced fish, methods for surveying 
aquatic communities, human i effects of 
changes in the geomorphology and hydrology ot 
the biota, and values associated with riverine re- 
sources throughout the basin; to identify existing 
or planned actions that might be useful for fisher- 
ies management in rivers within the basin; and 
to identify minimum requirements for the resto- 
ration of important finfish and shellfish stocks, 
other aquatic resources, and entire 

The published proceedings includes papers cov- 
ering 19 different large river systems in the Mis- 
sissippi River basin and broad perspectives on 
sediment transport, riparian plant communities, 
altered hydrologic cycles, contaminants, threat- 
ened and endangered species, and communica- 
tion. 


MAMMALS 


BAILEY, E. P. 1993. Introduction of fc:xes to Alas- 
kan islands—history, effects of avifauna, and 
eradication. U.S. Fish and Wildlife Service Re- 
source Publication 193. 53 pp. 


Information is on the natural occur- 
rences of foxes and early history of introductions 
on Alaskan Islands, Aleutian Islands, islands 
south of the Alaska Peninsula, Kodiak 

ago, Gulf of Alaska. Other topics covered include 
effects of introduced foxes on insular avifauna 


such as seabirds, waterfowl, ptarmigans, and pas- 
serines; introduced rodents; i of bird 
populations on islands with and withoui foxes; 

of insular avifauna after the disappear- 
ance of foxes; and eradication of introduced 
foxes. 


Pritts, S. H., W. J. PAUL, L. D. MECH, and D. P. 
SCOTT. 1992. Trends and of wolf- 
livestock conflicts in Minnesota. US. Fish 
and Wildlife Service Resource Publication 181. 
27 pp. 
The nature and extent of wolf-livestock conflicts 
in Minnesota during 1975-86 are described. Also 
provided is information on annual variation and 
trend, seasonality of depredation, dis- 
tribution of depredations, role of husbandry, ef- 
fectiveness of control measures, and noncapture 
methods such as flashing lights. 


OLDEMEYER, |. L., D. E. BiGGrns, B. J. MILLER, and 


reintroduction of the black-footed ferret. U.S. Fish 
and Wildlife Service Biological Report 13. 96 pp. 


This is a collection of 11 papers on the manage- 


ment of the prairie dog ecosystem. This work- 
shop featured a review of current knowledge on 


the biology of prairie dogs in the context of man- 
aging black-footed ferret habitat. The review ad- 
dressed two main The first 
consisted of a series of papers on prairie dog 
habitat and biology. The second was a summary 
of the participants’ discussion about managing 
prairie dog complexes. 


Torn, M. E., and M. E. RICHMOND. 1993. Vole 
management in fruit orchards. U.S. Fish and Wild- 
life Service Biological Report 5. 18 pp. 

This paper describes the identification, ecology, 
and behavior of meadow voles (Microtus pennsyl- 
vanicus), pine voles (M. pinetorium), and montane 
voles (M. montanus) in apple orchards; evaluates 
the types, extent, and magnitude of losses in- 
flicted by these pests; and describes measures for 
reducing damage. 
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WILSON, D. E., and G. L. GRAHAM, editors. 1992. 
Pacific Island fiying foxes: Proceedings of an in- 
ternational conservation conference. U.S. Fish 
and Wildlife Service Biologica! Report 90(23). 
176 pp. 


This paper contains the of the Pacific 
Island flying fox conference hosted by the Bat 
Conservation International. The meeting was de- 
signed to help people from the islands secure a 
better future for bats and the ecosystems they in- 
habit. Part 1 provides background information 
for the subsequent sections. Part 2 discusses 
threats to island bet populations, Part 3 provides 
status reports from selected islands, Part 4 fur- 
nishes information about local and international 


tion in the conservation of Pacific island flying 
foxes and provides a general model for a public- 
awareness campaign that can be modified to 
meet local island conservation, education, and 
cul}.ral needs. Finally, there is a brief description 
of ths Flying Fox Action Plan prepared by the In- 
ternational Union for Conservation of Nature and 
Natural Resources. 


MISCELLANEOUS 


Kemp, H. T. 1992. Tapping into the fish and wild- 
life information explosion: Commercial on-line 
data sources. U.S. Fish and Wildlife Service Fish 
and Wildlife Leaflet 16.5 pp. 


This leaflet identifies on-line systems and data 
bases that contain natural resources information 
and briefly describes how to tap into this informa- 
tion resource. 


KOLZ, A. L. 1993. In-water electrical measure- 


ments for evaluating electrofishing systems. U.S. 
Fish and Wildlife Service Biological Report 11. 


determining the voltage, current, and power re- 
quirements for an electrofishing system, and the 
relation between water conductivity and elec- 
trode resistance is demonstrated. Electrode 
resistance values, voltage profiles, voltage gradi- 
ent profiles, and comparative indices of 18 
common electrodes are presented. The fallacy of 
monitoring voltage, current, or power as 2 stand- 
ardization procedure for electrofishing 
equipment is discussed in detail. 


LAUSHAN, M. 1992. A vechnique for estimating 
seed production of common moist-soil 

US. Fish and Wildlife Service Fish and Wildlife 
Leaflet 13.4.5. 8 pp. 


This chapter of the Waterfowl Manageient 
Handbook subseries provides inforrnation on the 
techriiques for estimating seed productioncollec- 
tion of field data, suggested sampling schemes, 
when to collect field data, determining required 
sample size, and estimating seed production. 


WETLANDS—ECOLOGY AND 
MANAGEMENT 


(The following are chapters of the Waterfow'! 
Management Handbook subseries). 


GRAZIANO, A. V., and D. H. Cross. 1993. The 
North American Waterfowl Management Plan: A 
new approach to wetland conservation. U.S. Fish 
and Wildlife Service Fish and Wildlife Leaflet 
13.2.2. 7 pp. 


Provides information on the North American Wet- 
lands Conservation Act, habitat Joint Ventures (At- 
lantic Coast, Central Valley, Eastern, Gulf Coast, 
Lower Great lakes, Lower Mississippi Valley, Pa- 
cific Coast, Playa Lakes, Prairie Habitat, Prairie 
Pothole, Rainwater Basin, and Upper Mississippi 
River /Great Lakes Regior), species Joint Ventures 
(Arctic Goose, and @=-x Duck). and what is in 
store for the North American Plan. 


HAUKOS, D. A., and L. M. SMITH. 1992. Ecology of 
playa lakes. US. Fish and Wildlife Service Fish 
and Wildlife Leaflet 13.3.7. 7 pp. 


Provides information on the physiograpny and 
ecology of playa lakes and their attributes that 


12 


benefit waterfow!, playa lake vegetation, inverte- 
brates, and diseases of waterfowl in playas. 


KELEY, J. R., Jr., M. K. Laubhan, F. A. Reid, J. S. 
Wortham, and L. H. Fredrickson. 1994. Options 
for water-level control in developed wetlands. 
US. Fish and Wildlife Service Fish and Wildlife 
Leaflet 13.4.8. 7 pp. 


Provides basic guidelines for the design of wet- 
lands that benefit wildlife. Although the authors 
address the development of palustrine wetlands 
in migration and wintering areas, many of the 
principles are applicable to the development of 
othe: wetiand types in other locations. 


MAGEE, P. A. 1993. Detrital accumulation and 
processing in wetlands. U.S. Fish and Wildlife 
Service Fish and Wildlife Leaflet 13.3.14. 7 pp. 


Provides information on the production of litter, 
some details of ition and nutrient recy- 
cling, and the role of invertebrates in detrital proc- 
essing, and presents considerations in 
management. 


RINGELMAN, J. K. 1992. Ecology of montane wet- 
lands. U.S. Fish and Wildlife Service Fish and 
Wildlife Leaflet 13.3.6. 7 pp. 


Provides aspects of wetland ecology and waiter- 
fowl biology in montane habitats. Although em- 
phasis is on the Rocky Mountain region, mariy of 
the wetland characteristics and waterfow! rela- 
tions in this area are similar or identical to those 
found in other montane regions of the United 
States. 


SOjDA, R. S., and K. L. SOLBERG. 1993. Manage- 
ment and control of cattails. U.S. Fish and Wild- 
life Service Fish and Wildlife Leaflet 13.4.13. 8 pp. 


Provides information on cattail (Typha spp.) aute- 
cology and management principles (plant struc- 
tures, germination, carbohydiate conversion, 
carbohydrate storage, effects of herbivores, and hy- 
drologic changes) and control techniques (water 
level control; salinity alteration; cutting, crushing, 
scribed burning; and herbicides). 
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BIOMETRICS AND MODELING 

__ Schroeder, R. L., and A. W. Allen. 1992. Assessment of habitat of wildlife communities on the Snake River, Jackson, 

Wyoming. U.S. Fish and Wildlife Service Resource Publication 190. 21 pp. 
ing, D. W.,J. A. Barzen, J. R. Lovvorn, and J. R. Serie. 1992. An evaluation of regression methods to estimate nu- 

iti condition of canvasbacks and other water birds. U.S. Fish and Wildlife Service Biological Report 3. 

11 pp. 

BIRDS—NONGAME, COLONIAL WADING, RAPTORS, GAME 

i "hehe Pape tte mete gh ppg and migrating shorebirds in the Midwest. U.S. Fish and 

Wildli octas tach aa ildlife Leaflet 13.2.14. 6 pp. _ 
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BIRDS—WATERFOWL 

__ Blandin, W. W. 1992. Population characteristics and simulation modeling of black ducks. U.S. Fish and Wildlife Serv- 
ice Fish and Wildlife Research 11. 200 pp. 

__ Campbell, B. H., and J. E. . 1992. Dusky Canada goose: An annotated bibliography. U.S. Fish and Wildlife 
Service Resource Publication 187. 30 pp. 

___ Carlson, J. D., Jr., W. R. Clark, and E. E. Klaas. 1993. A model of the productivity of the norther.: pintail. U.S. Fish and 
Wildlife Service Biological Report 7. 20 pp. 

___ Custer, C. M. 1993. Life history traits and habitat needs of the redhead. U.S. Fish and Wildlife Service Fish and Wild- 
life Leaflet 13.1.11. 7 pp. 

ate R. B., and C. E. 1992. Human disturbances of waterfowl: An annotated bibliography. U.S. Fish 
and Wildlife Service Resource Publication 188. 62 pp. 

___ Derksen, D. V., and D. H. Ward. 1993. Life history and habitat needs of the black brant. U.S. Fish and Wildlife Service 
Fish and Wildlife Leaflet 13.1.15. 6 pp. 

___ Dugger, K. M., and L. H. Fredrickson. 1992. Life history and habitat needs of the wood duck. U.S. Fish and Wildlife 
Service Fish and Wildlife Leaflet 13.1.6. 8 pp. 

__. Fleskes, J. P., and E. E. Klaas. 1992. Dabbling duck recruitment in relation to habitat and predators at Union Slough 

National Wildlife Refuge, lowa. U.S. Fish and Wildlife Service Fish and Wildlife Technical Report 32. 19 pp. 

K. F., L. M. Kirsch, A. T. Klett, and H. W. Miller. 1992. Waterfowl production on the Woodworth Station in 
North Dakota, 1965-1981. U.S. Fish and Wildlife Service Resource Publication 180. 79 pp. 

a C. E., and R. B. Dahigren. 1992. Human disturbances of waterfowl: Causes, effects, and management. U.S. 
Fish and Wildlife Service Fish and Wildlife Leaflet 13.2.15. 8 pp. 

___. Lokemoen, J. T. 1993. Increasing waterfow! nesting success on islands and peninsulas. U.S. Fish and Wildlife Service 
Fish and Wildlife Leaflet 13.2.11.7 pp. 
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__ Reinecke, K. J., and D. Delnicki. 1992. DUCKDATA: A bibliographic data base for North American waterfowl (Anaii- 
dac) and their wetland habitats. US. Fish and Wildlife Service Resource Publication 186. 7 pp. 
J. K. 1992. Identifying the factors that limit duck production. U.S. Fish and Wildlife Service Fish and Wild- 
"life Leaflet 13.2.7. 8 pp. 
___ Sargeant, A. B., R. J. Greenwood, M. A. Sovada, and T. L. Shaffer. 1993. Distribution and abundance of predators that 
affect duck production—prairie pothole region. U.S. Fish and Wildlife Service Resource Publication 194. 96 pp. 
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source Publication 195. 22 pp. 


FISH—GREAT LAKES 
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"plications. U.S. Fish and Wildlife Service Resource Publication tion 185. 55 pp. 
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US. Fish and Wildlife Service Resource Publication 192. 11 pp. 
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trophenol in a stream. U.S. Fish and Wildlife Service Resource Publication 184. 5 pp. 

___. Lem, C. A. 1993. Evaluation of five anesthetics on striped bass. U.S. Fish and Wildlife Service Resource Publication 
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US. Fish and Wildlife Service Report 1. 121 pp. 
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life stages of American shad, with proposed models for premigratory juveniles. U.S. Fish and Wildlife Service 
Biological Report 14. 26 pp. 
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